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O RANOMETALLIC NLO POLYMERS. ACCORDION
MAII'.-HAIN NLO POLYMERS OF FERROCENE SnBU3 1. one molequrv

n-B~uLi
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Introduction SnBu3  Sn~u3

In the previous paper' we presented the synthesis of Fe
linear organometallic main-chain NLO polymers. Our research 1"n -U

has continued to f--cus on ferrocene based NLO polymers . MFP

because of the outstanding results obtained by Marder and 4P 1
coworkers using crystalline ferrocene complexes. The ability C.

to selectively functionalize the cyclopentadienyl rings of
ferrocene has given us the ability to prepare elaborate
organometallic NLO-phores.a Lindsay and coworkers recently
presented the synthesis of a new class of main-chain organic The bis(cyanoacetate) monomers 2 were prepared by
NLO polymers.' For this new class of NLO polymers, the reaction of the appropriate diol with an excess of ethyl
aligning process need not reorient the entire polymer chain, but cyanoacetate in the presence of a catalytic amount of Ti(OCj I.)4
rather, only fold the polymer backbone into the accordion (eq 2).' At the completion of the reaction ihe monomers are
shape. purified by crystallization from ethyl ace'ate/hexanes.

Monomers 2a-c are white crystalline materiale which can be
Spacer between stored at ambient temperature for months without

..- donor groups decomposition.

\ D D D

Commnication j I0I' bridge (pi.systenl) 
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In this paper we present the synthesis and 2C. n B
characterization of organometallic polymers with the potential
of adopting the accordion macrostructure. As we saw in the
previous paper, the use of the Knoevenagel condensation
appears to be the most effective manner to prepare polymers of Copolymer Synthesis & Characterization. Our initial
good molecular weight and tractability, strategy to prepare the accordion copolymers was to carry out a

polycondensation of monomer 3 with various diols. This
R l&D simethod appeared highly desirable because it has proven very
Results & Discussion successful for main-chain organic NLO polymers prepared thus

far. Monomer 3 is treated with hexanediol in the presence of
Monomer Synthesis & Characterization. Selective Ti(OC4H,), (2 mol-%) at 150 IC for 16 h. 1 he product of the

mono-transmetalation of the ferrocene complex { reaction is found to be intractable in all solvents. Elemental
(C,Jl SnBu.41 e' followed by reaction with one-half mol-equiv of analysis data is close to that anticipated for lite polymeric
dimethyldichlorosilane afforded the bridged ferrocene system in product; however, the lack of solubility is not consistent with
45% isolated yield (eq 1). Separation of {(ij-CjH4SnBu)Fe(S- other results we will present later.
CHj)}SiMe, from SnBu, which is also a product in the
reaction, proves to be very difficult. The separation is made
even more difficult by the necessity to deactivate the alumina
column by treatment with ether prior to use. It turns out the S(
most efficient route to 1 is to use the bis-ferrocenyl compound
contaminated with SnBu4 (-10 mol-%, the exact ratio was
determined in 'H NMR spectra). The SnBu, does not appear to F,Fe Fe
have any deleterious effects on the yield in the final
transmetalation step. Monomer 1 is isolated in a 30% overall H

yield starting from (y5-C5H4SnBu ,Fe. "t, , C

E6 CNOE

N, A



The results above suggest that the reaction conditions
required to carry out the Lewis acid catalyzed transesterification
polycondensation are having deleterious effects on-the ferrocene Eprmna eto
monomer and/or the polymeric product. It is at this point we
changed our strategy and decided to construct the polymer Preparat ion of Copolymer 4. A solution of 1I11' (4 ml,)
backbone through the Knoevenagel condensation reaction. For containing {(vjkCKHCHO)Fe( 5 -CsK)Ji)SMe. (0.200 g, 0.413
the ferrocenecarboxaldehydes we find this retion to proceedHCZ(H~ICHC g.0 , .1 mo) n
in very high yields and can be accomplished using ver mild CO(03g..2!rno)wshaeat0'Cfrpidof1
reaction temperatures (25 - 50 O'C). This reaction also po.ThsitusessestrdthoghCltead h olet

removed under rt-ad pressure. The crude product wargood functional group tolerance because of the mild base (i.e. dissolved in chloroform and precipitated in methanol. 11wK1CO, or DMAP) used. This latter point will become Important ~cletdadwse ihcl ehnl(
in future generations of NLO polymers being prepared in our hooy e dricllced und redhed pressurd eha o 5 xCfr
laboratory. h

Schee ICopolymer 4c. 1H (CDCI.) 6 8.08 (s, 2 11), 4.92 (1, 1
1.9 Hz, 4 H), 4.59 (t, j 1.9 Hz, 41H), 4.49 Qt, I = 1.7 l Iz, 4 11).
4.25 (t, I =6.5 Hz, 4 H), 4.14 (t,)j = 1.7 Hz, 4 11), 1.72 (mn, 4 11),
1.39 (in, 8 H), 0.49 (s, 6 H, SiCliI,; '1C NMR (CD)CI.) ii 163.1

I (COj), 158.3 (=CM), 116.7 (CN), 97.6 (=C(CN)), 75.1 (Cp CII),
FeFe74.2 (Cp CMI, 74.16 (ipso.Cp CMI, 73.9 (Cp Cii), 73.5 (4pqo-Cp),
Fe Fe 71.8 (C p CMI, 66.1 (0C1 2), 29.0, 28.4, 2.5.7 (CI It's), -1.4 (SiCI 1,).

07- 40IR (C~Cij v,, 2222, vc.o 1718, and vc, 1593 cm'. Anal.
Calcd for (C ,Hje2NO 4Si}, :C, 62.05; 1I, 5.53; N, 3.84%.
Found: C, 61M70 H, 5.44; N, 3.76%.

K2C03
THF NC' C Acknowledgment. The authors express their sincere

500c, 0. (CH2)rOD gratitude to the donors of the Petroleum Research Fund,
administered by the American Chemical Society for partial
funding of this research through an undergraduate sunmier
fellowship to MSS. Support of this work by the Office of

S ~Naval Research is greatly appreciated. We wish to thank lte
Utah State University Research Office and the NSl* (grant Cl IF-

4a. ..49002379) for funding the purchase of the single-crystal X-ray
I4b. n-6 diffrartometer.

FeFe 4d. n-8

o N CN - (CH2)f--- References and Notes
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soluble in most organic solvents (e.g. benzene, chloroform,I dichlorometharie, and tetrahydrofuran) and for 4c we are able
to cast free-standing films. Gel permeation chromatography of________
the polymers show that comonomer 2c afforded the highest AceinFj
molecular weight polymer (M. = 25,000). Films of polymer 4c _______I

are elastic and can be stretched by nearly 100% of their original Ti CR&I
length before tearing. The lower molecular polymers form
films which are much more brittle.D
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Concluding Remarks Z utic.:

In this study we have demonstrated the feasibility of
preparing accordion organometallic NLO polymers. The key to By......
of a Knoevenagel polycondensation technique. The mild DsrbAs
reactions conditnons overted deleterious reactions which we j---
seem to incurr when heating ferrocenyl NLO-phore monomers ~..

in the presence of Lewis acids. -- ~- -
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